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ABSTRACT

This report gives general computer programs and tables of computa-

tions for linear wire antennas and scatterers with arbitrary excitations

and loads. The parameters calculated include the input impedance of wire

antennas with sources at arbitrary points along the wire, input impedance

of loaded wire antennas, mutual admittance between collinear antennas,

monostatic and bistatic scattering from linear wires both loaded and un-

loaded, and general admittance parameters for loaded wire scatterers. The

computations are for wires of length-to-diameter ratios ranging from 10 to

1000, and for lenggh-to-wavelength ratios from 0.05 to 2.10 in increments .

of' 0.05.
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COMPUTATIONS FOR LINEAR WIRE ANTEMAS AND SCATTERERS

I. Introduction. This report gives representative computations and

general computer programs for linear wire antennas and scatterers with

arbitrary excitations and loads. These computations and programs were

done under Contract AF 30(602)-3724 during the period March 26, 1965 to

March 25, 1966. The general theory and development of appropriate formulas

are given in the Final Technical Report for the above contract. Curves

of some of the calculations are given in Chapter IV of that report. All

computations were made with 32 subdivisions along the wire.

II. Explanation of Tables. The tables included in this report are

arranged in sets according to the length-to-diameter ratios L/2A of the .

wires considered, as follows:

Se I Ii 1
LA 10 201 4o 1 100 F200 4oo 1000 20001

Within each set computed results are given for length-to-wavelength ratios

L/% from 0.05 to 2.10 in increments of 0.05. The following parameters are

tabulate&:

Table A - Input admittances and impedances for center-fed linear

antennas.

Table B - Input admittances and impedances for linear antennas

fed L/8 off center.

Table C - Input admittances and impedances for linear antennas

fed L/4 off center.
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Table D - Input admittances and impedances for linear antennas

fed 3L/8 off center.

Table E - Input admittances and impedances for linear antennas

fed L/4 off center, with an open circuit at the center.

Table F - Input admittances and impedances for linear antennas

fed L/4 off center, and a load

y= cot(kL/4)

j600

at the center. This load corresponds to a shorted trans-

mission line stub with characteristic impedance 600 ohms.*

Table G - Same as Table F but with 300 ohms characteristic impedance.

Table H - Same as Table F but with 100 ohms characteristic impedance.

Table I - Input admittances and impedances for linear antennas

with a ground plane at the center, and fed L/4 from one

end of the antenna. This corresponds to a center-fed

monopole of length L/2 normal to ground plane.

Table J - Transfer admittances for linear antennas, fed L/4 off

center, open circuit at center, and measured L/4 on other
side of center. This corresponds to the m~ .iadmittance $

between collinear antennas of length L/2.

Table K - (3 pages) These are monostatic and bistatic raar cross

sections S, for linear wires excited by plane waves

incident at angle-9. (from wire axis), and received at S

angle er (from-wire axis), as follows:

-2-



S e. e

i r

S(A) 90 90°

s (B) 90 750

s (C) 90 600

S (D) 900 450

s (E) 900 300

s(F) 900 150

s(G) 750 750

S (H) 600 900

s(I) 600 750

s (J) 600 600
S (K) 600 4 50P "

s(L) 600 300

(m) 600 ,15 0

s(o) 300 900

30)) 30 750 S

0
6o

0 0

Ps(P)

):o

r;(T) 0 9Y

:;(t) .v j.I
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Table L - Echo areas for center-loaded wires, broadside incident

plane wave, for the following loads YL

S(A) - YL continually tuned to resonance
S(B) - Lan inductor tuned to resonance at L/ = 0.25

S(c) -YL an inductor tuned to resonance at L/A = 0.325

S(D) - YL 0 0, an open circuit

S(E) - Y, a capacitor tuned to resonance at L/A = 0.55

S(F) - IL a ,apacitor tuned to resonance at L/% = 0.65

S(G) - YL a conjugate complex match, corresponding to an antenna

with matched load

S(H) - YL = 1/75

SW - YL = 1/300

Table M - Primed admittance parameters for the echo area of a

center-loaded wire scatterer. In terms of these param-

eters, the echo area a is given 
by2

2 2 Y2 2
2 2 12

a 16 vr k DY1i Y22 + YL ,

where V -- P = 1207t

Y = input admittance of scatterer when fed as an

antenna

YL= load admittance

DYll and Y12 given in Table M

II
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III. Instructions for Computer Programs. The computations were per-

formed in two parts. The first program calculates the n by n admittance

matrix Y whose elements Yij characterize the object according to the con-

cepts of Chapter II of the Final Technical Report. In addition, because

of the wire nature of the object, the elements Yij are also equal to the

current on wire segment i due to a unit voltage source impressed on segment j.

The second program uses the Y matrix to calculate various parameters, such

as impedances, currents, gains, echo areas, etc., according to the formulas

of Chapter III of the Final Technical Report.1 The programs are written

in FORTRAN i11, and were run on the IBM 7074 computer at Syracuse University.

A) Program No. 1. This program is given in its entirety in Appendix A.

Its output consists of the matrix Y recorded on a tape. Here each matrix Y

is preceded by Y The (Y..-) depends only on li-iJ so Y 1 has only n
1IJ

distinct elements. Program No. 1 also prints out a 15 x 8 array which is

skeleton of Y. The j column of this 15 x 8 array represents the cur-

rent function due to a one-volt impulse at position j. When the antenna

is 16 units long, the subscripts of the 15 x 8 array become the actual

distance from one end of the antenna.

For each matrix Y to be calculated, there is a data card. This data

card has format (2E15-.8, 413). The first data word is the length of the

antenna divided by its diameter. The second word is the length of the

antenna divided by the wavelength. The third data word is the dimension

n of Y. The fourth word is the length of the antenna in number of coarse S

intervals. There are three interval lengths in the course of the computa-

tion. These are:

N V "n0

V"~
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1) The basic interval - this is the length indicated by a unit

difference in subscripts of Y. The antenna was scaled for

a basic interval length of one meter.

2) The coarse interval - an integral number of coarse intervals

unite to form a basic interval. The coarse interval is re-

lated to the coarse sampling of the e-kr/r type function.

3) The fine interval - an integral number of fine intervals

unite to form a coarse interval. The fine intervals are

designed for sampling the e k/r type function near r = 0.

The fifth word is the number of coarse intervals that will be subdivided.

into fine intervals. The sixth word is the length of a coarse interval

divided by the length of a fine interval.

Program No. 1 punches a card for each matrix Y. There is one data

word on each card, which is the input susceptance at the center of the

antenna. Some of these susceptances are fed into Program No. 2. The sus-

ceptances appear in the print out of Program No. 1 but not with the desired

eight significant figures. The susceptances are also on the tape, but -.

they are scattered so that it is ineffii .ent t. read them from the tape.

For instance, a susceptance from the eleventh Y matrix may be needed during

a computation involving the first Y matrix. The only way to get this sus-

ceptance is to search through the nine intervening matrices.

B) Program No. 2. This program accepts the Y matrices from the out-

put tape of Program No. 1. Program No. 2 also uses a scratch tape for

storage within the program itself.

The first six data cards for Program No. 2 have format (3E.5.8,

313/(El5.8)). The first word is v. The second is L/2A, the length to V-

-6-
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diameter ratio of the antenna. The third is a variable AP such that extra

calculations and print out will be performed whenever (AP)(L/.) is an 5

integer. The fourth word is n, the dimension of the matrix Y. The fifth

vnd sixth variables are LA and LB respectively. The LA and LB are such

that the following ratios of length to wavelength are expected:

- 05 LA, .05(LA+l), ... , .05(LB-1), .05(LB)

The remaining five data words are on five separate cards. They are the

input susceptance of the center driven antenna for L/% = 0.25 and 0.35,

the data word zero, and the input susceptances of the center driven antenna

for L/% = 0.55 and 0.65, in that order. S

The remaining data for Program No. 2 is for print out under the A

format. This data, included in the deck, remains invariant. Ju
C) Description of Print Out. Program No. 2 operates on the Y matrix .

for a given L/2A for each value of L/% from 0.05 to 2.10 in steps of 0.05.

Whenever L/% is such that (AP)(L/X) is an integer, print outs numbers IV,

Ii, III, and VII occur for that L/X. Other print outs occur at the very end

of the program and are tabulated vs. L/X. The print out will be explained

in the order that they occur in the program.

1) Print Out IV. The real and imaginary parts of the current I

are printed, along with the angle and magnitude of i for an

incident field of one volt per wavelength. The angle of

incidence is the angle that the propagation vector makes

with the negative x axis. The electric field, being that N.

of a plane wave, is perpendicular to the propagation vector

-7-
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and lies in the plane defined by x and the propagation vector.

The phase of the incident field is equal to zero at the center

of the scatterer.

Next, a variation of the previous data is printed. The incident

field is increased, if necessary, so that its z component has

magnitude one. The magnitude, real part, and imaginary part

of the current is printed in three separate tables.

2) Print Out II. Tables A, B, C, D give the electric currents

due to a unit impulse of voltage located at the center, L/8

off-center, L/4 off-center and 3L/8 off-center, respectively.

The off-center source occurs on the lower half of the antenna.

In Tables E through H the unit impulse of voltage is located

L/4 from the center. Tables E through H have an open circuit, 1 1
a shorted quarter-wave stub of 600-ohm, 300-ohm, and 100-ohm

transmission line, respectively, as a concentrated load at the

center. Table I is equivalent to having two sources L/4 off-

center, one on each side of center.

3) Print Out III. These tables are the power gain patterns for

the antennas of Print Out II. Here-e is the angle between E
the radius vector from the antenna and the positive axis of

the antenna. Cases A through I are for the same feeds and

loads as in Print Out II.

4) Print Out VII. This print out differs from the previous

Print Out III only in the method of excitation. The antenna

is driven by an incident plane wave field coming from the

0
7X-

N V,Vp}



direction indicated by ANG. This plane wave acts like several

impulsive voltage sources, the strength of each being an

integral of the product of the z component of the incident

electric field with one of the triangular expansion functions.

5) Print Out I. For the same feeds and loads A through I of

Print Out II, the input admittances and impedances are tabu-

lated vs. L/X. This print out corresponds to Tables A through 3

of this report, described in Section II.

6) Print Out V. This is a tabulation of the radar cross section

of a linear wire, both monostatic and bistatic, for various

angles of incidence and scatter. It corresponds to Table K

of this report, described in Section iI.

7) Print Out VI. This is the monostatic radar cross section for

a center-loaded wire scatterer due to a plane wave at broad-
S

side incidence. It corresponds to Table L of this report,

described in Section II.

8) Print Out VIII. This is a tabulation of the primed admittance

parameters needed to calculate the radar cross section of a

center-loaded wire scatterer. It corresponds to Table M of

this report, described in Section III }

I,
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APPENDIX A

COMPUTER PROGRAM NO. 1

This program is for computing the impedance and admittance matrices

for thin linear wires.

** T UPEKAT K I"HEKE WILL t3E PUNLHEJ CLuTPdI
** H MuUNI TAP-E 7017 ON -LAIVE 14 vITH KING IN

4.ExtCU1t FUk1IRAgN jjdJr
2000 SURHOUTIF CKL=IN(F?1,FL2,L ,NG,i\S,NL¢-,Ni.,d1,d_-

-1MENSI,"', FLI(52.) ,FZ(5-) ,GL( L"

2006 -VN+
200,) 3o,0
20-12 ?=

015L ==eS+ 117' 1
ZYL, iFr-LI ) 3,93,4 .'v,

2021 4 LL2=1+1A.1hF(L 1 , )
2('29 ;IN 7 It+ I -L 1 ,WL

?,032 L=
2034 3. 1-F Z I 0(i ,'v I + : 61/ .
2 0,4 4 3 2 -I -t2 (A G. )' 1( L I/ + 8B2
2 1 5 2 Al= M+1-@

2C-55 LIL :LL2 -I2058 i H-L M-L) 2 ,Z,28
20=6 ?8 D2O 5 L:j324

7066 3 I-= FZ I ( .4) *GO I ( L-) -b I 'u,
20-34 3 2=FZ1(M )G1 (L -) +62
2080 M-V+1

2063 9 N , -kT-I NJ F
2084 2 I-F-(-L2-L} 3,3130

208 I30 L(L ) t.5,.
2100 2=FL2(M)*G1(-L-)/2 •+32
2108 3 IF(-LI-NG 9,8,8
2113 9 IF-(-JN1) i,6,(
2-817 I LL-L-= I
21.19 M=NL4+2-t I /NZ 3

131
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2127 GU TO07
2128 6 LLI=L4~
2131 M=NZ4+2
2134 7 LL2=NG+l
2137 L=LLI
2139 Bl=FZ11M)*G1(L)/?L.+61

* 2149 B2=FZ21M)*Gl(tL)/2.+B2
2157 M=M+1
2160 12M-LL2-NZ3
2163 IF(L2M-L) 31,31,32
2167 32 LlM=LLL+NZ3
2170 Of) 10 L=LlML2MtNZ3
217-7 B 1 =F Z (M)G1 L + 3 1
2185 B2=FZ2(M)*Gl(.)+32
2191 M=M+1
2194 10 CONTINUE
2196 31 IF(LL2-L) 8,9,33
2200 33 L=L-L2
2202 BL=F-Z1(M)*G1(-L)/2.+td1
22-12 82=FZ2(M)*Gl1UL)f2.+b2

2220 8 L2=-LI
2222 IFI(L2) 11,1i12

22M t=NT4t2e+L2/NZ3
2240 L1l
2242 81=FZI(M)*GlH(L)/2*+t3
2252 12FZ2(M)*Gl(L)/2e+B2

226-- L2M=LLZ-N13
2-266 IF(-L2M-L) -35,3b,36
2270 36 LlM=1+NZ3
2213 D0 13 L=LlMvL2MNZ3
2280 i51FZ10M)*GIUL)481
2288 82=FL2(M)*G1(L)+B2
2294 m=-z-l
22-97 13 CONTINUE
2299 35 IFALI.2-L) 11=41,p380
2303 38 L=LL2 I

2305 BL=FZI(M)*G1L(L)/2.+Bl
2315 B2=FZ2(M)*GltL)/2*+82

2323 11 L3A=L2+NZ4 t

2326 L3BL3A+NZ4

2334 15 [F-(L3Al 41,41-,52
2 3 37 52 IF(12) 16,169-17
234-1 16 LL11

2-343 M=NZ4+l*L2 '

2347 GO TO 18

2351 M=NL4+1___
23-54 I8 MM=1I+XMINF(L3A-#NG)
2361 Lt-I
2363 B IFZ I(M)*G LL)/2. +B 1
23-73 B2=-FZ2(M)*GLIIL)/2.+B2
23-81 M=M-1
2384 L2M=MM-1
2:387 [F'(-LM-L) 39939,40
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2391 40 LIM=4LI+l
2394 DO 21 L=LlMtL2M
2399 81=FZ1(MS*G1IL)+Bl
2407 B2=FL2(M)*G1(L)+B2

2416 21 CONTINUE

2417 39 IF(MM-L) 41t41,42 i
2481 422=MM-I

2496 B1=FLI(MJ*Gl(L)/2+Bl
254 82=FZZ(M)*GI(L)/+i 2

2513 24 CON1NU3A~
2510 M=l+
2451 44 I(ML F14LB,NG
2458- 5 L=MMI

2420 Bl=FZi(M)*Gl(L)/12.+1
2530 B2=FZ21M)*G1(L)/2.+B2

584 1 IF(L38-NG) 24t26,26

2498 43M=14+
249152 4 L L ~ v2
24 B1=FZI(M )*GI( L )/+Bl
2564 B2=FZ2(M)*G1(LJ/+2
2.572 i9=M+1
25135 2ONTIN
2578 4 IF(LM-L) 149149504

2518 46 L=M=L1+
2585DO2 L=LFZ IM,lL)2MNZ
2592 2B=FZrub)*GIIL)/Z+BZ

2643 RETURN=3B~

2682 001M=1LL___

2575- L2M=L2135

2578IF(LM-L 45P594
2582~p.. 46LMLL+L

258-0 27 L=.N iPL2M * *



2686 Mk-Ml*M
2689 STI1=C I(M21
2693 S-12=C2(M2)
2697 CI{M2)=1.
2699 C24M2)0O
2702 D=ST1*ST-1+STA!*STZ
2709 DO 7 J=1,M

2713 2Ml+J
2716 AFkl(J)=fC(M2)*ST+C2(M2)*S1/U
2729 AR2(J)=(C2(M2)*STICl(MZ)*S2-)/D

2739 IF(LL-M) 22,21922
2742 22 MP1=M+.

2745 M2=M2+M
2148 DO 23 J=MPILL

276b AR2(J)=(C2(M2)*Sl 1-C1(M2)*ST21)/D
2775 M2=M2+J
2778 23 CONIINUE
2779 21 11=0
2781 DOI 11 1=I,LL

2785 14-(I-M) -12, 13,24

2790 12 M2=Ml+I
27973t-~M~

2797 ST2=-C2C-M2)
2801 CA ( M 2A R-1 ( I
2803 C 2 ( M2)AR-7- I)
2805 GU TO 2 N-

2806 24 M2=I1+M
2809 STI =C1( M2-)
2813 S12=C2(42-)
817 Cl(M2)=0-

Z820 C2(M2)0G
2823 25 DO 10 J=-II
2827 MZ=11+J
2830 C1I(M2)=L-1-(M2)-AR1(J)*STI+AR2{-J)*ST2
2840 C2(M2)=C2(M2)-AR2 (J)*S-fl-AI(-J) *ST2
.?a50 10 CUNTINUL

2851 13 IA-11 +1
2854 11 CONT1NUF
?855 MI=MI+M
2858 C-1(M 1 )AR-1(M)
28362 C24M1)=AR2(M)
2866 18 CONTINUE

2867 RETURN

ENDI
2963- SUBROUTL-Nh DSPKSINCL-LCC2,81,5S2)

VIMENS[ON CC1(64),CC;2-t64),b1(641,f321&4)
I ~COMMUN PIvAhIA229SKAbKA2vbKA3

2969 AW=A22/AWL
2973 NP=N+l

2976 w 1=CI(1C I
2978 W2=CC2L1)
2980 CC-1{1)=-(CC2(2)-W2)*2.-*AU
?986 C2(1)=f{CCI(2)-WL)*2.*AW
2991 S=1C 1)
2993 BV(1)-8-2i1)*BKA2/AWE
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-~~~~u r~jx% Am Am-n - WV-imbU mh'm~fP

2999 82(-I)=S*13KA2/AWE
3004 DO 70 1=2#N
3008 W3=CC1(1)
3012 W4-CC2t11)
3016 5=B11( I)
3020 1P=I+1
3023 CC1(I)=-(CC2(IP)-2.*W4+W2)*AW
3032 CC2( I =(CC1(-IP)-Z.*W3+WlJ*AW

3040 81(1) I=-B2( I)*BKA2/AWE
3048 62(1)=S*BKA2/AWE

3055 W2=W4
3057 70 CONTINUE

3058 00 72 l1,*N

3062 CCII I)=CCI(I)+B14 I)
3069 CC2 I )=CC21I-)+b 2 (-
3076 72 CON-TINUE
3077 WRITE OUTPUT TAPE 5,1, (CCCIMI,1,N)
3090 WRITE OUTPUT TAPE 591v (CC2(1)9I=1*N)
3104 1 FORt4AT(8bl1.8)

3105 DO 71 1=1#N
31L0 CCI(1)=CCI(I-1A22
3116 CC2(I)=CC2(1J/A22
3-122 71 CONTINUE
3123 RETURN

END

3157 SUBROUT-NE ELPTCU-NZ4,NZ5,NL6,DZ-,FNZ3,ib6KJ

TO=LADIMENSION rKA 305)-ol E(305) 9AY1 (305) PAY21405) #AY3(3051 9AY413O5)I

NZI=MESH OF L0,LIA)

NL2=NO. OF INTERVALS REQUIR-ING F-INLR MESH

NZ3=MESH -RATI-O
COMMON P-I ,AWE A22-tBKAtBKA2,tbKA3

3163 DZI=DZ/FNZ3
3167 11=0

3191 DO(T-11 1 1,19,N-1
3195 IF(IBK)OAF- 12-141
3180 RETURN*Z

* 3200 IF(-IBK-1= 1,10,1
3204 10 1Ff TP2-.=15) jrvj97
3208 7 IBK=O

3211 1: G=LUGEF-(4./TP)
3211 TP2-2=TP2*TP2

3219 ZE=I1.+.5*(TG-.5)*zTP2+3./16.-*( TG-13./-12.)*TP2e-15./128.*(rG
1-6.15. )*TP22*TP2&
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3258 LS=12-DZ/2-.
3263 Z1=Z2-OZ-1
4266 R Z=1. +Z S* ZS
:3270) R=SQRTP(R2)
4273 IF(ZS-DZ-1) 2,3,3
3278 2 TGIO0
3281 GO Tn 4
3282 3 IGI=LUGEHZI7-)
3285 4 TG2=LOGEF(-Z24
3288 TGR=LOGEF(-4-.*R)
3?92 L12=Zl*L1
3295 L13=2A2*Ll
3298 Llb=713*L1-2
3301 Z17=Zl5*ZlI2
3304 L22=L2*L2
3307 Z23=Z22*Z-2
3310 L25=Z23*122
3313 L27Z25*L22
3316 S1=((L2-L"*TGR-Z2*(TG2-1.+L*(TG1.-I
-J3334 SZ=1. /R 2* 1(Z2 -- Z L3)/3. *TG R- Z2 3/ 3. *II G2-1. )+Z 1.*-3.ITG I- /3.
3313 R22=f2*R2
3376 S 3= 1 ./R 22 UZ5-L 15)/S. *TG R-Z 25/5 .* IT /-.2) +L15/ 5.*J -2J j

17..))
3452 T K I IS f b( S 2- Z233.-L1/ 3. J R2 + 9.-64. * IS3-7./6. *(-Zt/5P.

1- Z15/5. U/R2-2) +25. /2 56. S4- 37.30.(Z.,71.7.-7-17/ 7. J/R22i~2
3525 TKlI)=rKUI)-DZ1
$2 9 TE(IT)=(U-0+ZE)2.

1 334 EO=ZE
3536 A Y I I)T K Vl )J
3540Q A Y 2 1 P P2
3544 A Y(1)-.5 *R T E I
3t548 . AY4WI=VI/12.*(R2-.5)
3 6 IF( 18K-1 ) 18913t18
3560 -13 AS1=AY1(r)-1
3562 AS2=AY2C-I-)
3564 AS3=AY3(I)-
3566 AS4=AY4 H Y
3568 15 TK(I)=0
3571 TEMi=0A
3574 R=Z2/TP
3578 R2=R*R
3581 IF(Z2-3.)-9,22,22
3586 9 SMIl-C1.-TPI)/( 1.4TP)

4594 SK=I.
3596 5M2=SM1*SM1L I
3599 SM=SM2
3601 21 DO 5 J=1,V5-
3604 FJ=2*J-L
3609 FJ1=FJ+1. /FIS
3612 SK=FJ*-J/F-1/JI
3620 TK( I)=lKflzf+SK*SM
3624 SE=SK/FJ/FJ
3630 TH I )=rE(-fl-+SE*SM
3634- SM~sm*SM2 0
3637 1I(SK*SM-1. E- 7) L16,16,5
3642 5 CONTINUE 11"7
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3643 STOP 5
3645 16TKfP/2*1SM)rK!1.
3657 TEUI)-P/2.( 1.+SM)*(TE(1)*1.)
3670 AY-Ul)=TK( I /R
3674 AY2+U-)=-PI/2.+Z2*TKII)/R
3684 AY3UI1=-.5*(R*IE(Z)-Z2*PI+Z22*TK(I)/R)
3699 AY4-(I)=l./6.*PI/2.'*tR2-.5)-3.-*12*R*IUJJ)+3.*

1lL22*P1/-2.-.L22*L2*TK( I )/R)
3736 GO TU 18
3737 22 R3=R2*R
3740 R4=R3*R
3743 P5=R4*R
3746 R6=R5*R

3749 R7=R6*R
3752 AY1(-1)=PI/2.*(1./R+.25/R34+9./64./K5+25./256./R7I
3780 AY2-(I )=P /2.* (-.25/R2-7./64./R4-17./2 5b./Kc))
3803 AY3{l)=-PI/4.*(3./32./R3+1./16.-/R5)
3821 AY4-I)=P1*5./1536./H4
3828 18 -IF(-I-NL't) 11t17911
3832 17 0L-1-.DZ*FNZ3

3835 II=NZ6
'43837 11 CONT!LNUE

3838 IF(I-303) 12,12,8

3844 12 RETURN
END

4524 SUBROUTINE I=VODD(NlSCCItCC2F-l-12tFZiI~tL2)

D IMENS ION F I( 528) 9F1 2 (528),tFZ LU52,eFL2(51-S),CCI (64) 1 tCC?- 64)
DIMENSION AYI(305)tAY2(305),AY31305),AY4bO35)
COMMON PI,AWE,A22,f3KABKAZt8KA3-_

4530 N2L--(N+H)/2
4535 K-0-

4537 DO 25 I=-1 ,N2
541 0(0 25 J--1,1

4545 J-t=XABSFI I-J) +1
4550 J2-N+-2-I-J
4555 K=K+-
4558 -FVHK)=CCl(Jl )+CCIl J2)
4567 F IZ(K)=CC2( JL )*UC2( J2)
4576 25 CONTSINUh

4578 N 21=N2- 1

4583 DO- 26 I-1,N21
4587 0O 26 J=Il
4591 JT1-XABSF( I-J)+1

4596 J2-=N+2--(-J

4601 K=-K+
4604 -FZT-K I=CC I J I)- CC I(J22
4613 FZ2;-K J=CC 2 J 14-CC 2 J2
4622 26 CONTI-NUE
4624 CALL L-INEQ(N2,FIld1[2)
4629 CALL LINEQ(N21,FZltFZ2)
4634 CALL LMtTN(N/2,N21,IS,F-I1FZLCCU)
4643 P RIN 1 3-
4647 3 FORMAT(/23X32HSUSLF-PTANCES (-MILIAMPERES/VuL7J)
4655 CALL CMB-TN(N2,N21 ,IS,F12,FZ2,-CC2)
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't665 PUNCH 5# CC218)I
4671 5 f-ORMATLI.8)
4672 00 2 1=1,8
4676 D=CCI I )*CC I( I)CC2t I)*C.Z (1)
'687 CC1U-)=CcI(13/D
4691 CC2VI=-CC2(I)/D
11695 2 CUNT=1NUE

4t)96 PRINTI
4700 1 FORMAT(/25X29HL-NPUT RESISTANCES (KILO-OHMS))
4707 PR I-N 3 3, (CCII I 1 18)

4722 PRINT 4
4727 4 FORMATI/25X28111INPUT RLACTANCES (KILO-OHMS))

1734 PRINT 33t (CC2(fl),I=1#8)
K 4746 RETURN

END

DIMENSION EI1(528h01I(528)tC-1(32btCClf-64)
4790 S=1.
'.792 L=O
4794- 5 DO 3Z I=1,N21
4798 IF(S) 2,2,3
4+801 3 K2 1(- 1)/2
4809- 11 =-I

4814- GO TO 4-8-15 2 x2::z-IJ*N 2 --l-)/2

4833 4 Do 28 K=1,[1
4837 K2=K2+1
480- Cl(K-)=lE1(K2)+S*01(Ke) )/2.ii 4850 28 CUNT -1NUE
4851 K2-K-2+K
48-54 IF-tK-N21) bl,7,-61

M4851 61 00 29 K=IPN21
4862 CI(K)=(El(K2)+S*O1(K2) )/2.
48-72- 2K

r4875- 29 CON -INUF
4876 7 ClI(N2-)=El(K2)

4894 9 PRINT 33, (Ll(J9-J=IStN2r4SJ __

W99 33 FORMAT(8{F8.4t2X)-)
4911 L=L+4 h
49-15 CC1(=C I( 11)
4920 11 WR-I-TE OUTPUT TAPE 5,1, (Cl--) ,J=1,N2)
4932 1 FURMAT(8E15.8)-
49-33- 32 CONTINUE
4935- IF(-S) 6t898 v
'#9 38 8 K2=(-N21*N2)/2+1
4944 DO 60 K1,tN21

4948 ClI1K4 =FI(K 2)

4955 60. CONTINUE
4956 c LfN2-) =2 .*E L( K24-__
4962 PR-IN] 33t (C1(JbtJ=IS,N2,S) __
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4979 CCI(L)=C1(NZ)
4984 WRI-TE OUTPUT TAPE 5,lt(Cl(J),J-1,N2)
4995 IFUS) 6,10910

4998 10 S=-1.
5000 GO TO 5
5001 6 RETURN

END
5066 SUBROUTINE FOIFZT(DlFNZ3,Nlb,1-lC,Nl6,NZ4,ThKI-I1,FI2-,FZIFZ2)

DIMENSION Fll1C528),F12(528-)-FL11528),FL2L528)
DIMENSION AYI-A3OS),AY2(305-)-AY3(305)tAY4(305)
COMMON P1 ,AWE,A22,BKA13KA2,-BKA3
COMMON ASI,AS2,AS3,AS4,AYIAYZ ,AY3,AY4

5076 11=0d

!)0O78 I2=1
5080 DO) 10 l=19NZ5
5084 12M=12
5086 12=-1-2+1
5089 IF(1-IBKJ 19,1-,20
5-094 1 F 1-l 12M) =f- C*(A S 1+8KA 2*A S3

5101 F12(12M)=FLC*(-BKA*AS2+BKA3*AS4)
5_11-1 GO TO 20I
5112 19 FI-i( 12M)=FZC*IAY1(1 3+dKA2*A-Y3(l))
51-19 Fj2 C12M) =I- ZC* (BKA*AY2 ( IJ+t3KA3 *AY44IAl
5129 GO TO 2
5-130 20 12=DZ1*FLOATP(1-.L)
57135 fF- LC*(AY1(1fl*BKA2*AY3(1-1)
5-140 F2=FZC*(BKA*AY2-(I)+8KA3*AY4-(fl)
51-48 B--BKA*12
5-151 18C-COSF~tb)
5-154 BS=S-INF(B)0
5157 FZ12)=F1*BC+F2*Bs -

5:166 FL2(l 2)=F2*8C-F1*HS
5175 2 IFHI-NZ4) 10,13,10

5179 1.3 OL-=071*FNZ3 I
5-185 -1I-NZ6
5 187 10 CONTINUE
5-188 I_0
5190 FD=FNZ3

r5192 FUi2=FNZ3*2. m
5195 F Z:L(1) =F I Il)-/FU
5-199 FZ21 =F 12 1)-/FD
5203 -1 F I
5205 I-LWK-2) 23,-24,t24
52-09 24 IM-IBK-1

5-212 -DO0 17 J1,0M
52-16 Ipm=IP I
52-18 IP=IP+1
5221 IFfl-NZ4) 27,3,27
5-225 3 FZ1l(-I P) = IFI1 1 HPM) +F I I IP+-W-)/ FD2
5236 FL21-I P) =(F 12( IPMJ +F12 11P+ WY) / FD2[5247 IP-= IP + I
5250 [P M =IP- I
57253 FZl 1IPJ=lUfI-pm)-*FU)
5260 FL211P)=F12%IPM_)*FD
5267 F02-2.
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5269 GO TU 17
5270 27 F7.1fIP)=(F11(IPM)+FHi1-(IPflhiD2
5281 FL2( IP)=(F12( IPM)4F-2-(IP))/F)2
5292 17 CONTINUE
5293 23 IPM=IP

p 52951=+
5298 IP=LP+L
530t IFU-NZ4) 596,5
5305 6 SI=FLI(IP)
5.309 S2=FZ2(II')
5313 FIlIP)=(Fll( IPM)+F--I-(IP))/F02
5320 FZ?(-IP)=(F124 1PM) +FZ2(IP))/FI)2
5327 -IP=IP+.
5330 FZI(IP)=S.
5334 FL2CIP)=S2
5338 GO TO 26
5339 5 FZ1( IPI=II-1( IPM)+FZlIP) )/I)2
5348 -F12(!P)s(F[2(IPM)-*Ft2(1P))/F02
5357 9 1 IK K-113K+ 1
5360 IF(IBKK-NL4) 22t22-926I5365 22 DO 25 I=IBKKNZ4
5370 -IP=IP+1

S 5373 -FtlIP)=FLl ( IP) /FD-
5319 -F12(-IP)=FZ2(IP)/FD
5385 2 5- CUNTJ N (J
5386 FZI HP+ )=FZIIP) *FI)
13389 + -2-1P+ 1=F L ( IP)-*FD
5392 26 RETURN

END
0-IMLNS ION FLZI1(528-l,022(52 81 AY 1(305)-#AY24L3OS) AY3 (305) ,AY4-3051
D-IMENSIUN FIl(528)hF-12(-528)
COMMON PIAWEtA22,BKA,9KA2,BKA3
COMMON ASL.AS2,AS3,AS4,AYlAY2,AY3AY4-

5445 RFW-IND 5

5447 41=3. 1415926

5457 WwO=O
5460 NGO=O
5462 -98 -READ 1., 99, lUD,WLG-,NvNZ1tNL2tNZ'3,MTH-

5475 1 F-fMATI2E15.8,513)
547T NP=N+1
5481 1S=NP/1.6

5489 N-I-NZ1/NP
5493 2 NG=NI*NI3fp
5496 OM =2.* L 0GiTO D*2-.-)-
5501 A2=FNP/TUD
5505 A22--A2*A2
5508 3K=2.*P1*WLG/FNP
5516 BKA=BK*A2 0
5519 6KA2=BKA*bKA
5522 BKA3=BKA2-*tKA
5525 AWE=BKA/376.707
5529 -FN7.i=NZ I
5535 FNZ32NZ.?
5532 FNZ23=NZ3
5538 t)Z=-TOD/I-(J?1
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5542 ADZT=A2*DZ*1.IE-3 a
5546 WW=OM+FNZ1+FNtZ+FNZ3
5551 IFlAB-SF(WWO-WW)-.05) 7,08

5557 8 NZ6=NZ2*(NZ3-1)
5563 NZ5=NLI+NL6
5566 NZ4=N72*NL3

5569 WWO=WW
5571 1[tK =0
5573 CALL ELPTC(NZ4,NZ5vNZ6vDiFNZ3t13Ki

5584 3 DZ1=DZ/FNZ3
5588 FNN=Z.*SQRTFH2*)*0Z1+2.
5594 NN=FNN
559? FNN=NN
5600 IF(NN-3O3) 1191191/-
5604 12 STOP L2
5606 11 UZZ=DZI/FNN
5610 CALL ELPTL(0-,NN,O.V22v1. ,1BK) -
5618 CALL FOFLT(UZ2,1.,NN,FLC,,0,IKF1,F2itfL,f-L2) '

5631 NNM=NN-1
5634 S6=0
5637 S7=0
5640 S6=S6+FZli 1-1/2
5645 S7=S7+FIZ( 1)12.
5650 DO 5 I1=2,NNM-
5654 S6=S6+FL1U)H

5657 S7=S7+FZ2(I-)-
5660 5- CONTINUE
5661 Sb=S64FZ1(NN-)/Z.

5672 18K1l
5674 CALL ELPTC(-NZ-4tNZ5,NZ6DI-tNZ3,18-K)
5682 tNC=FNN*FZC
'1685 AS3=0
5688 AS4=O
5691 AS1=S6/FNC
5695 AS2=0/FNC/BKA
5101 GO TO 7

0 1M EN-S-ION G1-H2 9)tH1 12 9-tU I641-t 26 4tCC 1164) CCZ(64)
5702 59 FORMAT-(/(8E-FS.8))
5704 60 FORMAT(/(5EI5. 8)
5707 7 IF(NG-NGOJ 15,14,15
5711- 15 FNG=NG
5714 NGP=NG*l
5717 NG2=NG*2 4
5120 NG2P=NG2+1
5723 DO 55 I=1,NGP
5727 F 1= 1--
5731 Z=F-IFNG
5735 GI( 'f.Z
5738 L2=L*l ~-
5741 HIC (-)=( 4.-6.*Z2+3. *-Z2*L)-/6.
57-52 55 CONTI-NUE
5753 00 56 I=NGPfNG211
57-58 F[I= I--I
5762 Z=FI/FNG
5766 LZ= 2.--Z

141



5769 ZZ2=ZZ*LZ

5772 H I H)zZL2*LZ/6. I
5778 14 NGO=NG

* 5180 CALL FOFZT(DZFNZ3,NL5,Fi.C NZbNZ4,l~i dI I Fi4,tFZ1,iFz2)
57193 10 UO-57 I=INP
5797 NS=(1-11*NG

5802 CALL CRLTNIFZlFZ-2,GLNGtNSN4NL301()L2(-Ii)
5813 Ul (1) =UDI I *AULT
5816 D2(- I)-D2(1) *ADLT

A 5822 58 CC1)=D I I)
5*824 CC2(II)=D2_(-I

5826 GO TO 57I
5827 13 CALL CRLTN(FZlFL2,HlNG2cNSNL4,NZ3,CC1(LhtCC2(I))
5838 CClt11=CCUI()*ADZT
5841 CC2(11=CC2(I)*ADIT
5844 57 CONTINUE N

58495 CALL USPKS(Not1D2,CC1,CC2)
'3852 PRINT J59 TODOMWLGNP

5861 35FORMAT(C02,/7HL/1-2A)=F7.1,1Ht,2X6H0MEGA=k-5.1,IHi-X9HL/LAMBDA=F5.2

5876 PR-INT 37
5881 37 FORMATL/3X'4HL/Ibt6X3HL/8,6X5H-3L/66X3HiL/4,6X5H5L/16,t6X4H3L/8,5x5I

17L/l6,6X3HL/2)
5895 PR-INT 38
5900 38 FORMAT(/Z3X32HCONDUCTANCES (M1_LLIAMPi:RES/VJLW)

5908 CALL E VODU(IN tI SDvDt2 1F I 11d-2F LL21
!91L9 GO-TO 98
5920 99 P 6N IL
5922 REWINDS5

5928 6 FORMAT( 2711DISMOUNT TAPE 2017 AND SAVE)'
5934 STOP

END
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DATA (Representative for L/2_A =10)I

II

c c cc cc C, C 00 CCCC C 000C0C0CC0 CC 0 00 C C' C CC C~ C C' CCC C 0

- r - - - -4 -- - r - r- r -4 - -4 -4 ,-4 -4 " -t--4-4 r - r- -4 r" - " - .- -r- ..- A- *- ,

%C0 %r1 '. '0 '.0 '.0 %.0 '0 %.0 '.0 '0 '.0 %0 0-%D0-0 %C0 '0 '0 '.0 '.0 '0-%0 '.0 '- 0 %.0 %0 '0 %0 '0 '0 '0 0-0 '0 '0 '0 .C %C0 '0 %D
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APPENDIX B

COMPUTER PROGRAM NO. 2

This program is for computing the various antenna and scatterer

parameters described in Section II of this report.

** H MOUNT TAPE 2017 ON DRIVE 14 WITH RING OUT
* COMPILL FORTRAN, EXECUTE FORTRAN, DUMP

2000 SUBROUTINE CMPYIAlA2,Bl,BiG,C'2 a
2006 C=A1*BI-A2*82
2013 C2=A2*8+AY*B2
2020 RETURN

END I
2042 SUBROUTINE CD-VD(A-1,A2,BI,B2,LLtC2)
2048 D=81*B1+I2*B2

2055 C 1= A 1* B 1+A *i32-)-/D
2064 C2= (A2*B I-AI*82)/D
2073 RETURN

END
2096 SUBROUTINE -CURRICIC2,J, II, VI,V2,TI-,112-

0IMENSION- C-H-41L 91-6 ,(.2(31#16) ,Vlt lb,20J-,V24-16,20) P Il{l, (3) 12( -31)

COMMON NNPF,8K, ENPR I,NANAMNB. N, NDNENN A,NNB, NNC, NND W02

COMMON N I,N2-,N3N4,N5
2102 IF(I[-1) 2,1,2
2106 1 MV=J*NA
2109 MC=NNA I

2112 C ALL CM P Y-(-V I MV-)-, V2 MV) ,C I I MC ,C2 (MC), X ,X2Z-
2128 MC=NNC I
2131 TI1(1)=C1(MC-)4X
2138 T12( I )=C 2MC- )+X2
2145 RETURN
1146 2 IF(I1-2) 4,3,-
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2150 3 MV=J*NA
2153 DO 8 MzI, N
2157 MC=NNA+M
2160 CALL CMPY(VI(MV),tV2 (MV) tCl(MCI ,C2(MC).tXLtXZ I
2176 MC=NNC+M
2119 I1(M)=CILMC)+Xl
2-186 TIZ(M)=C2(MC)+X2
2193 8 CONTINUE
2-194 RETURN-
2L95 4 MV=(J-1)J*NA
2200 DU 5 M=1,NAM
2204 NM=NP-M
2207 Tll(M)=OI
22-12 T[2(M)=0O
22-17 TI1(NM)-=0
22-22 T12(NM)-0O
7227 MCI=(M-1l)*N
2232 MC2-MCL+NP
2235 DO 6 L=1,NAM
22-19 MI=MCI+L

2242 M 2= MC2-L-6 ALCP(1M)-2~3,1M)Ct~X,4

2248 CALL CMPY(Vl(M3),V2(3,LMC2U-XXh

22I8 TII(-M)=-TAl(M)+XI+X3
2284 12 (M-)--T 1 2(M)+X2+ X4-
2-290 CALL CMPY(V1(M3),V2-(M3),CL(MZ),C2_1MZ)-tX1vX2)

4 ~22-98 CALL CM PY(VI(M 3) #-VZ(M3),C1(M I tC2 CM1+)X3,9X4)
2308 TIIINM-)=TI1(NM)+X4-X3-H23-14- r12(NM)-T12(NM)+X2+X4
2320 6 LUNTINUE
2321 MI=MC 1+NA

2-324 M3=MV+NA
2327 CALL CAPY(VI(M3),V2 .3) C(I,~~7-X,2
2343 Tll(M)=-TI1(M)+Xl
2346 Ti2(M-)=T[2(M)+X2
2349 Ti1(NA)=T11(NMI+Xl
2352 T12(NM)=-112(NM)+X2
2355 5 CONTINUE

2n356- MC=NNA I
2-358 TIL(NAA=0
236- T12 (NAI)=0
2368- DO 93-L iNAM
Z1-72- MI=MC+L
2375 M3=MV+L
2378 X5=2.*Vl-(M3)

23-83- CALL CNPY(X5,0,CIM)ih-C2(Ml)#X1,tX2)-
2-195 flIINk)=T[ 1(NAi+Xi
Z4-00 T[2(NA)TI2(NA)+X2 __

2406 M3=M3+1 17

2409- CALL -CMPY(V1IM3),V2(NM3),PCIN4htC2(N4).,X1,X2)
2425 Tll(Nk)=-TII(NA)+Xl
2428 TI2lNA)=1-IZ(NA)+X2
24-31 RETURN-

END
24 83 SUBRO-UTINE VOLT(TtKVI-,-V2)
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DIMENSION Vl(16,20) ,V2(16*.20O
(;UMMUN NNPBKokNPR1,NANAM-NB-NCNDNNNi'A,NNtsNNCNN)

2489 SS=SI-NFCT)
2492 S=COSF (T)
2495 il=BK*S
2498 LFBt't) ,,
2503 1 801~.
2505 GU 10 3
2506 2 02=B*H
2509 i4=C32*tB2
2512 36=134*B2
25 15 rA(t-d2/12. 4tS4/ 36 0 -6 6*2016b0-
25to30 3 MV=-(K- 1- 0NA
2!)35 AS=13A*SS
2536 flU 8-J=1,NA
2542 M41=MV+J
2545 IJ=NA-J
2549 AG=FJ*b
2552 SN=--SINF(AG)
2556 CS=LfOSF(AG)
25,39 VIUMII =C-S*d A S
2564 V 2 (M 1=SN* BA S
2509 8 CUNISINUE
2 r)70 RETURN

END-
2606 SUBsRUuIVINF AVULT(Cl.C2,Vi.V-2,tJtYL1zYLZAiA2) I

commoN NNP,BK,,PR1NANAM-Nb-NLNDtNENNANNtNNC,-NNO
CUMMUN N-IN2,N3,N4,N5

2612 2 X2= YL-2+C2(4)
,J617 CALL -CDVD (L1 ( NZ), 2 (N2),#Cl(N4l)=,K2-tAl sA2
2631 RETURN

END-
2-659 SUbROUTINE POFMT(liltr12,KtSNtGA)

DIMENSION T11( 31 ) T 12 (31 ) ,GA(-31 ,35)
COMUNN NP9 Kv E tP I N vNAM-N N t U N p NAt N b NC#N0

2665 COMMON) 79N8 NP1NAMNCNENN,~,N,
267 '1 M A-(-K T-I I* N

2b72 M13=IKl +5) *N
2677 M C--(-KT+-1 ) *NI
2682 8 O0 I J=1,N
2686 T--1t(J-)=TII(J)*EN _

,-6 91 T-Z-(j)=T12(J)*EN
2696 D-1=T1(J-)*T 11 (1J)+T 2 (J)*T-14(-JJ

270.3 Z=OiU
2706 1L2-A!TANF(TI2CJ)/TlI(J)) -
2711 Z2=7.2*PR-1
2714 -PR'INT 5t J 911I(J) 9T12(J) 91IZ2
2127 5 FORMArT(-3X,912,t311/ 32,v2 X,3r- LO. 4--9-.-L
1732 IFX4l 1=MA 4

27302 ML=-A(-K1-,
2739 GA (M1)-=Z 1* SN
2744 M2 -MB+J-
2147 GkUM2 = TII ( J)*SN
2752 M3-MC+J

2755 GAL-M3)=T2(J)*SN

2760 L CONTINUh
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2761 PRINT 2
2765 2 FORMATUCO2-)
2166 RE:TURN

2801 SUBROUTINE GAIN(IItTI2,KV1,V2,#CONGPGA)
DIMENSION T[-1(31),T[2(3.lbV1(16t~o)-,V2t(16,20),GAA31.35)
COMMON NNPtBKtbNPR1,NANAMNBNCNDNk~,NNANNBNNCNND

2807 C=CONG/P
2811 DO 1 L=-1,18
2814 KI.0
2817 X2=0
2820 X5=n0
2823 X6=0O
2826 MV=(L-1)*NA
2831 DU 2 J=-19NAM
2835 MlIMV+J
2838 CALL CMPY(TI11CJ),T12(J)*VL(Ml),V2-(Ml),X3tX4)
2854 CALL CMPY-(T-II(J)tTI2(J)tVLIMI),t-V2(-Ml)tX7,X8) -

2864 Xl=XI+X-3
2867 X2=X2+X4-
2870 X5=X!S+X7
2873 X6=X6+X8-
2876 NJ NP--J
2879 CALL -CMPY-(CHI (NJ),1JIMNJ)V IMl--V2(MWX3,X4)
2893 CALL-CMPY(TIlNJ)T12(NJ)tVl(MU,-VZjMUX1,X8)

2904 X2=X2143

2907 Xb=X5+X1
2910 X6=X6+X-8
z-913 2 CONT-LNUE
2914 tM = L
2917 J=J+1
2920 CALL -CMP7Y -U-J(J),TI2iJ),V1(M1),0,#X3-9X4)-
2934 X I =x L+X3
2937 X2=X2-+X4
2940 X5=x5+X-3
293XbX6+X4 S

2946 D=X1*XI+X2*X2
2953 D2=X!S*X5+X6*X6
2960 Mt-*10+K
2966 GA(MI0*
2911 M2=-(3-5-L)-*10+K
2977 GA(M2-)-D2*C
2982 1 CONTINUES
2983 RETURN-

END-
D-IMENSI-ON- C1131o,16h C2(319161),G(Io0),-t10),r11t31),tTl2(31)
1 V1( 16,20) ,PV2( 16,20) ,AA(40J ,Sl2i-) #YLl t9-)tYLZ(9),
2B1l( 5)-vSL-(9) ,GA(31 ,35) 9ZMl (31) ,ZM:f 31).vGDl4) tTLt45 ),FM( 16,31l)

COMMON-N,NP-,BK,eN,PR1,NA,NAMNB-,NCtNDNL-NNANN8,NNCtNNO0
COMMON- NlN2tN3vN42)N5

3032 -READ- 25-t -PbITOAtAPNiLA,L8
3043 25 FORMAT1(3E-15.8 P313)
'3045 ITl=X CLKF (I-)
3049 REWIND 3
3051 REWIND-5
3053 PRIN:T 57, TOA
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3059 -57- FJKMAT(1?HL/(2A)uF8.1)

3062 READ Is (8I(I),l-sI95)I 3071 1I-11*5
3074 Bl(2)u-B1(2)*.35 .
3077 Bl(4)--BI14)-/*55

3086 -1 FORMATE15.8)

'3087 READ 32t (FM(J),vJwl,496)_
3098 32 -FURMAT(16A5)
30-99 NP=N4~l
3103 FNPxNP
3106- NA=NP/2
311L70 NAM=NA-1
3113 N13=3*NP/8
3 U19 NC=NP/4
3123 -ND=NP/8
3121l NE=NA+NC
3130 NNA=N*(NA-1)
3-136- NNB=N*IN13-1)
3-142 NNC=N*L(NC-l-)

3148- NNL)=N*(ND-1-)
31154- NI=NNC+NC

1 160 N3:NNC+NE
3163- N4=NNA+NA
3166- N5=NNA+N
31L69- P)12zP-/=2.
3173 -PX=2.-*P-I/FNP
-3t78 PR=PI/1-80.
31L82 CON= .-376701*.-376707/16.'/PI/P&/PI
3193 -PRI1l./PR
3V-97 PG=L.-/4.-/PI*.-376707
3204- 1T3=-XCLKF(1l)
320!t -DO- 5 L=LALB
3 112 28- READ -INPUlI TAPI ,4tM1:I1N
-3223 READ INPUT-TAPE 5,54Z2E)zN
32-35- 54- FORMA1I8t-15 *8)

3236- 00 27 I1-,NA

3241 M1(I-J *N+ I
3247 M2=Ml+NAM
3250- READ INPUT TAPE -5- 54vCU-(J),pJM,MZ
3262 21 CONTINUE
3263 DO- 92 I=.1,NAM-
326&7 Ml=-U--*N*1l
3?273 -M2=M+NA-2
3277 READ INPUT JAPE b,#54,AGAL-Jl-tJzMlM2-)

*3289- 92-CUNTINUE
3290- -DO- 93- 1-1,9NA
3294 M1W1)*+
33 00 - M2=ML+NAM A 0 iJ M PM )* 33303 -READ- -INPUT- TAPE 5,r54-WG2-hM~M=
331B5 93 -CON TI NUE

33-16 00 94 -11, NAM
33320- M 1=UI -1)J*NINA+1

3-331 READ-INPUT TAPE 5-954 9IGA Ut JsMl vM2-1
3 343 - 94 CONTI NUE14
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3344 M3=NNA
3346 M4=NNA+NP
3349 00 95 11,INAM

3353 MC=I*N+1

3363 00 100- J=10NMi
3367 Mt>MC--
i370 MG=MG+-l
3373 M'2MGfNA
3376 C 1 (MC)-=GA (MG)

3180 C 2(MC ) -GA (M2)
3383 J.CO CONTINUE E
3384 M3=M3+1
3387 M4=M4--1
3390 L;I (-4)-=C I(M3)
3394 C 2 (M4)C 2(M 3)
33-96 95 CON'TINUI:
3397 FL=L

3400 ILIL)=.05*FL
3403 89 E N =1 t(L-3/ IN P

3410 BKZ=UK*BK
3413 CONG=83K2*PG

3416 BN=BKZ*13K2*CUN
3420 COND=BKZ=/Pi/PI/6-. I
3428 CONP=BK-JPI/4.
3434 LI=AP*TL(L)
3438 F L 1= L-1
3441 IF(FLI-AP*TL(L))-30v-7,30

CALCULATIUN O]F INPUT AUMIUZIANCES G, d 'OF I

3445 30 DO 3K=14
3448 MA=(5-K-)*NA/4

3463- G (K)IcLUM I
3466 B(Is)=C2-(MI)
3468 3 CUN rINUE
3469 CALL AVOLT(ClC2-tV-,V2,1,OjtU,XI),X2S)
3480 VINA-)-=-XlS
3483- V2(NAJ--X2S
3485 CALL CURR(C1,C2,--,NC,1,VI,Vl, [ ll,T12)
3496 GI5)=TiL1-(NC)
3499- 8(5 )-lT12 (NC)
35,01 CALL CURR(CIL2-,L,Ni,1,i,Vt2,-H1, (12)
3512 G ( I0) lI-I(NH
3515 B(10)= FI'2(NE)
351-7 L2=TL(L-) /2. ~-
3522 FL2=L2-
3525 IF(FL2-TL(L)/2.-) -8v9,8
3531 9 DU 31 -K=6,8
3534 G(K)G-(5)
3536- B(K)- A-5)
3538- 31 CONTINUE
3 539 GO TO-44

3540 8 ARG=PI-2*TL(L)
3543 CI=CUS 1--(A R GSI NF- (A RC)
3551 Y L 2(6-) 1 ./ *CT
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3556 YL2(7)=-1.I.3*CTI
3561 YLZ(B83-10.*CT

3564 DO 10 K=6,8
3567 CALL AVOL I CCC2V1,V2,t,0,PYL2(K),tX-liX2-J
3578 viCNA)=-X1
3581 VZ(NA)=-X2

3583 CALL CURR(ClC2,1,NC,1,VI ,V2,TI1,1t2)- .
3594 G(K)=T[I(NC)
3597 BtK)=I12(NC)
3599 10 CUNTINUE
3600 G(9)=CI(NI)+Cl(N3)

*3605 8(9)=C2(Nl)+C2(N3)

3608 GO TO '44

V CALCULATION UF ECHO AREAS (MONUSTAJIC AND t~IS-TATIAU)

IV ALSO, CUfRbNJ ON SCAIIERER IS PR1NFE0 OUT FUK APPROPRIATE LI
3609 7 PRINT 33, IL(L)
3614 Ml=21*lb+l

3618 M2=MI+15 i
3621 PRINT 20, (FM(I),I=MlM2)
3632 44 DO) 11 K=lt6
-3635- TA=15*( 1-K)
1642 T=TA*PR
3645 CALL VOLTLT,K,VIV2)
3651 11 CONTINUE
3652 K0O
3654 DU 12 KT=196
3657 CALL CURR(CIC2,(TKT,3,V1,V2*Ti=-112
3668 IF(KT/2*2-KT) b,4,6
3676 4 KA=KT

3678 KB=KT 1
3680 GO TO 18
3681 6 KAIl
368-3 KB=6
3685 18 DO) 53 KR=KA,Kd
3690 K=K+l
3693 R=0

3696 A=OI
- ~ 3699 MV=IKR-1)*NA

3704 00 14 J=1,NAM
3708 MI=M\V+J
3'711 CAL L CMPY (V1( M I),V2(MI) ,T II(IJhI2J)- #JX5tfX6)
3720 R=R+X5

3723 A=A X6 .
3726 NJ=NP-J
3129 CALL CMPY(Vl(MI)t-V2(MI) tI1l(-NJ)t-TIZU(NJb)--X5,iX6)
3740 R=RPX5
3743 A=A+X6
32746 14 CONTINUE
3147 M1=M1+1

3750 J=J+1
3753 CALL CMPY(V1(MIhfV2(Ml) TII(J-iT 2J-XSXb)
3763 R=RtX5
3766 A=A+X6
3769 IF(K-1) 81,82,81

3173 82 GOC L)=R*COND
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3776 GDt2)=A*COND
3779 GU(3)CNP*TlI=1(NA)
3783 GO(4)=CONP*T12(N4)
3786 81 S(K)=BN*(R*R+A*A)

3795 S(K)=BN*(R*R+A*A)
3803 53 CUN T INU E
3804 IF(FLl-AP*TL-(-LH12v49V12

3813 MI=22*16+.
3817 M2=M1415
3820 PRINT 20v -M-I9=MIM2)

3831 PRINT 40, IC
3837 40 FURMATC3XP19HANGLE Of INCIULNCk=13)

3847 4 2 =M I+ 15
3850 PRINT 209 (FM(1),IMM1,14)

3861 SN=1./SINI-(FLOAT,-(IC)*PR)
3868 CALL POFMT(lIIT1I2,KTSNGA)I

K3875 12 CONTINUL
3877 70 F-RMAT(bX46HMAGNITU)L OF CURRbNT (MILLAMP!) WtIN PARALLl:L/6X47HCU

1MPONENF 01F INCIDLNT F[ELD=UNE VULT/WAVELLN,TH)-

3899 71 1-RMAT16X46HRaAL PART 01F CURRENT (IILLIAMPS) WIIIN PARALLEL/6X47 COI 1MPONI:NT 0OF INCILUENT 1IELD=ONL VOLT/WAVtLENGTH)-
3922? 72 FORMAT (6X5IlHIMAGI NARY PART O~F -CURRENT (JMjLLIAMPS-) -WHLN PARALLEL/6X

14THCUMPONENT UF INCIDENT FFELD=ONE VOLT/WAVF.LbNGrH)
3946 7_3 FORMAT( 4X3HX/L7X6HANG=9U4X6HAN-G=754X6HANG=604X6HAN(,Z454X6HANG=

3 04 X rZL
16HANG=15)

3960 II(FLl-AP*-fL-(_Lfl87t88#87
3966 -88 D0 75 K=193
3969- GO TO ( 76 17-,=81 , K
3975 76 PRINT 70
'3978 GO TO 79
3979 77 PRINT 71
31982 GO TO 79
3983 718 PRINT 72
396 -79) PRINT 73

3-)81) K16*(K-1 )*N-

4001 K?=KI+J
4004 K3=K24-5*N

4008PRIT 74 J--(_G(KK#KK=29KrS
4025 74 FORMAT(3Xl-2,3H/32,2Xt6FiO.-4)
4029 80 CON'INUE
4031 PRINT 49
4034 7-5 CONTINUE

VI >KHO AREAS OF CENTIER LJADED SCATTERL-Ko IRANSM11TER ANGLE=9O
4035 87 YLI(1)=0
4038 YL2C fl=-C2(-4J

= 40/44 YLICJ)=O
4047 YL2(J)=B1(J-lf)/TL(L)
4051 13 CONTINUE
4092 YLI(4)0O
4055 YLZ(4)=0
4058- DlU 96 J=5t6
4061 YLI(J)=0



4064 YL2(J)Bl(J1I)*TL(L)

4068 YLI(7)=Cl(N4)I401 YLZ (7) C 2 N4)
4013 YLI(8)=1./.0l5
4077 YL2-(8-1=0
4080 YL191 . 3
4084 YL2-U91)0
4.087 CALL CURRCliC2,1 ,1,3Vi,V-TI'1-T12)
4098 X7=-TL-(NA)
4101 X8=T-2INA)
4.103 MV=NA

4105 00 97 J=ltN
4109 Ml=MV+J
4112 Vl(-MUTII(J)
4117 97 CUN-TINUE
4118 00 1-5 J=199

41.21 X3=C-IAN4)+YLI(J) N
4125 X4=C21(N4)+YL2(J)a
4128 CALL-CUD(XlX8,X3,X4,XS,-X6_)
4136 D0 -98- K-1,NAM
4140 NK-NP-K

'V4143 Ml1.NNA+K
4146 M2=-MV+K
41.49 -M3=MV+NK
4152 Sil_X 5*C1 M I-X 6*C 2M1 _I

4160 S2=-X6*C1.(M1)+X5*C2(Ml)
4167 r I l(K)J= V 1(M2) -S 1
4171 TIMCK ) =V2(M 2)-S 2
4174 'I -11N K)-=V 1(M 3)- S 1
4119 T12N K)=V 2 (M3)-S2
4182 98 CONTINUE
41.83 Sl-_X5*Cl(N4)-X6*C2(N4)

4198 M2=-M2+1

420 1 TI I INA)=-VI(M2)-S1

4206 IZ2CNA)=V2(M2)-S2

4209 R0 I
4.212 -AO-
4215 DO 16 K=1,NAM
4219 CALL -CMPY(TII(K) T12(K) 9V1(-Kj-tVZ-fKJ 9X1,XZ
4227 R=Rt-1
4230 A=k+X2
4233 NK=-NP-K
4236 CALL CMPYCTII(NK),TI2LNK-),Vi=U-K),-V2(K),XlX2)
4247 R=W*Xl
4250 A=A+X2
4.253 16 CONrVINUE.
4.254 -CALL -CMPY( IIIINA) TI2(NA-),tVLNA,V2(NA),tXIX2)
4.263 RZR+ X 1
4266 A =AvX-2
4269 SL_(J+ 13N* (K*R+A*A)
4277 15 -COt 1-1NUE

11 ANTENNA-LURt<EN1 FOR VARIOUS LOAD-S AND- DR-VES (CALC OF GAIN AL

4278 IF(-FLl-AP*TL(L) )86937986
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4283 37 PRINT 33, TL(L)
4289 33 IURMATL IIIL/(LAMBDA)-5.2)
4293 M1=1-6*1 9+1

4297 M2=MI1+8
4300 M3=M2+1I
4-303 M4=M3+6
4306 PRINT 20, (FM(I),1=M1,9MZ
4317 PRINT 669 (FM(I),I=M3-tM4)
4329 66 FORMAT(5Xt7A5)
4330 00 34-1=1#18
4334 AM(I-)-5* 1
4338 NI=36-I
4341 AA(NI-)=5*NI
4346 AK=AA(I)*PR
4349 CALL -VOLT(ARiVltV21)
4355 34 CUN VINUE
4356 EN=Il.
4358 K10O
4360 DU 35 K=1-94
4363 KK=-(-5-K)*NA/4 ~~
4*372 Mt=i-KK-1)*N
4377 DO 36 J=l,N
4381 m42M1-+j
43-84 T 1-10-)C I M2)
4387 T112iJJ)-C2 (M2)
4389 36 CUNTI-NUE
4-390 P=I-T11l(KK)
4-393 GALL -GA-IN(rIldI2-,KtivvV2,UNGPGA1 S
'.403 G K)T=( KK)
'405 8 (K-V-TVF2 KK)
4407 M1=C(K+2)* 16+1
44-13 M2 = MIx+ 15
44-16 M3-20*1-6+1 X

4420 M4=M3+-15
4423 PRINT Z0, (IM(1bt-1MilM2)
4434 PRINT 20, (FM~lI-M3-tM4)
4445 CALL -PUFMNTI,112KT,-S,GA)

44.52 35 CON-PINUE
-4 453 CALL -AVULT(G;I,L2,V-L,V2,1,090,XIX 2)-
4464 MV=NA*IL9

4470 V2(MV:)=-X2
44-72 CALL -CUKR ( C IG2,i9,NA,2,rV 1V2 pTI111)
4483 G(5) =-11(NC )
4486 6 (-5--=1-2 NC )
4488 GC(-10)=T I I(NE)

4505M320*164-1

-4541 CALL -POFMT(TIiTI-2,-KT-SN,GA)

-58L2-TL-tL)/12. I



FLZ=Li
4556 IF(FL2-TL(L)/2.) 42#4t@42
4562 41 DO 43 Ku6t8
4565 GIK)-Gt5)
4567 B(K)=8t5)

4569 M1=(K+21*16+L
4575 M2=mI+5I
4578 M3-M2+1

4581 M4=M3+9

4595 PRINT 20, (FM-(I),1M3tM4)
4606 M1=20*16+1
4610 MZ=M1+15
4613 PRINT 20, (FMMI,M1,M2)
4624 CALL POIFMTlT1-1TI29KT9SNvGA-)
4631 00 45 J=19-35
4634 MA=(J-11*10
4639 Ml=MA+K

4642 MZ=MA+5
4645 GA(Ml IGA(MY)
4649 45 CONTINUE
4650 43 CONTINUE
4651 GO TO 48
4652 42 ARG=PI2*TL-(L-)
4655 CT=CUSF(ARGJ/SINF(ARGJ

4663 YL 2 (6) =-1./.-6*C-T
4668 YL2(7)=-1./.3*C-T
4673 YL2 (8 ) - 10.-*CI
4676 D0 46 K=69-8-
4679 CALL AVUL-TIU-CC2,VlV2tl,0,YL2L-K),XlX2)
4690 V 1 (MV :X I
4693 V2tMVI=-X2

4695 CALL CURR-(C1,(L2,19tNA,2 ,V1,V2-,-TILTIZ)
4706- G(K$=TII{NC-)
4709 B(K1=TIZ(NC-)
4713- CALL GAIN( U-T?--T12KVV2C0NGPGA)

4723- M 1=(K+2) *16'1
4729 iM2=Ml+5I
4732 M3=MZ+1
4735 M4=M3+9
4738- M5=20*16+1
4742 M6=M5+15
4745 PRINT 20, -(-M(-1),ILMI,9MZ)
4756- PRINT 20,r (FM,4(-1)13,M4)

4767 PRINT 20,r -iFMw(,1 lx5,M6)

4718- CALL POFMV(111,TI2,KISN,GA) H
4185 46 CONTINUE
4786 48 00 47 J=1,NA
4790 NJ=NP-J
4793 Ml=NNC+J
4796 M2=NNC+Nj
4799 TIlfJ)=CIMl)+C(42l
4804 T12(J)=C2-(Mf)+C2142)
4801 T 1(NJ) -T-Ii(Jh
4810- T 12(NJ) =12(J-)

4812 47 CONTINUE15
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r-------------------------- - -a a a aa. --------- ---- LKMf~t l f~lr~~

4.813 G{9)=Tll(NC)
4816 B(9)=T12(-NC)
4818 P=2.*TI1(-NC)

4831 M-l1=11*16+1

4835 M2=M1+15
4838 M3=20*16+1
4842- 14=M3+15
4845 PRINT 20, (FMNlI)I=M1,M2)
4856 PRINT 20,- (FM(IjpI-M3#M4)
4867 CALL POFMT(TIiT12,KTSNGA)
4874 M-123*16+1i
46878 M2=Ml+15
4881 M3=24*16+1l
its 85 14=M3+23
'i8 8 PRINT 20,- (FM(I),1L=MID2)

4899 PRINT 20#lFPMCVI=M39M4-)
4910 D0 51 Jzl-#35
4913 M-1=(J-1)*-1O+1
4.919 M2=ML+8

k4922 PR-INT 52-,- AA(J)PAGAtK),K=MlPM2-)
4.936 52 FORMAT(3X-4o0,9F-9.4)
10939 51 CONTINUE
4940 VR-INT 49

4944 4.9 FORMAT(C02-)

494.5 00 58 K=-,6I I
4.952 CALL CURR-(CI,C2-eJ,0,3,V1 ,V2 ,T L,112) *

4966 MA-(J-1)*NA
'971 DO 59 I=-LNAM
4.975 M1=tiA+I
4, 7 P=P+V1(M-l)* 1(I-)+V2(M-)-*TI2(I)
4987 N-INP-I
4990 P-P+v1(M-L-*T1 HNI )-V2iMl1*T12 M-)
4999 59 CU NTINUE
5000 I=-I-4*1

1-3003 ML=Mli*
50U6 P-P-+V1(M-Uf*Tl1(I=)+V2(M-)-*Tle(I-)

Ii5016 CALL GAIN(-I1,TI2,KV1,V2,C0NG,PGA)

5027 M1=28*16+4
5031 M2=M1+15
5034 M3=MZ+1
1)03; M4=M3+7
5040 M5=M4+9

5043 M6-M5+15

5057 PR-INT 209, (FM(I)-9,I=M3vM4-)

5079 DO 63 J=1,-35

p5088 M2=MI+5 HG K KM 2
5091 PRINT 5?,t AMAJt-G(K)KM,
5)104 63 CONTINUE
5105 PR-INT 49

5108 86 WR-IrE OUItPUT TAPE 36,GJ,~,0d(JJ~1J(1)Ji,



ISL(J9J19),4GD(J) 9J-j,4 I
5143 68 FOKMATIBEI15.8)
5144 5 CONTINUE
5146- ENU FILE 3
5148- REWIND 3
5150 IT6=XCLKF-(l)

5153- 00 69 L=LAtLB '
5158- Jil(L-LA)*54+1
5164 J2=J1+53
5167 READ INPUT TAPE3t689(C1-(J)#J=JlJ2)
5179 69 CONTINUE

PRINT OUT INPUT QUANTMEIS OF I

5180- PRINT 20t (PM(I)tI=l,161
5190 20 FORMAT(2-4A5)

5195- MI= (K+2 )-*16+ 1
5201 M2=Ml+15-

K 5204 PRINT 20, (IPMI),I=M1,M2)
5215 IF(K-1O) 64,6564 mj521- 65 M 1= 3*-16+1
5223 M2=Ml+tLs
5226 PRINT 20, -(FM(I)sI=M1,H2-)
5237 64 M1=17
5239 M2=ML+23z

5242 PRINT 20t, (FM(l)IMlvMif
5253- 00 21 L-L-AtLb r
5258 J1=(L-LAJ*-54*K

j5264- J2=J1+1-0-
526? D=LL(J1I)*C-(J1).C1(j2-)*CLtJ2)
52-16- L=SQRTHfD)
52179- L2=ATANF(C1(MI)/C1(JI:_)-
5284 ZZ=Z2*PRI
5287 L 3=c 1(JJJID I
5291 Z4=-CkLIJ2)/D
5295 L 5 =1.4Z11
5299 L6=-L2
5*301 PRINT 22-, TL(LCk( Jt)bC _J2) ZLZ-3vL4,L5#Z0
5318- 22 FORMA T(+8-.2-92 X 93F 10 94-tF0. 1 OF10 94 FLO. 1)AI
5325- 21 CONTINUE '

5326- PRINT 49
53-29- 19 CONTINUE

PRINT OUT OF ECHO AREAS V
5330- Ml=14*16+1

53-34- mz=mI+15
5337- M3=M2+1

53431 PRINT 20, (FM( I ),t 41,42-)

5354 PRINT 20-t fFMCI),I=M3:iM4)
5365- DO 23-L=LALB
5370 J1=(L-LA)*54+21
5316 J2=J1+6-
5379- PRINT 50, TL(L)v(Cl(-I1,I=JltJ2)
5 393- 50 FORMAT(+8.2t2X, 7F 10.51
5396- 23 CONTI-NUE -7
5398- PRINT 4-9
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.......... -......... ~J.f I AXA~J. ~~J ~ ~i rrw~L~WI.X

540L MI=L6*16+1 4
5405 M2=MI-15 
5408 PRINI 20, (FM(I}),:M1,M2)
5419 O0 24 L=LAtL.
5424 Jl=(L-LA)*54+ 28
5430 J2=J1+6
5433 PRINT 50, IL(L),(C IHI,I=JI,Ji)
5446 24 CONTINUE
5447 PRINT 49
5450 M3=M2+
5453 M4=M3=+1!
5456 PRINI 20, (FM(-I),I=M3,M4)
t467 W)U 56 L=LA,LB
5472 Jl=( L-LA)*54+35
5478 J2=JI+6

5481 PRINT 50, IL(L),{CL(I},I=Jl,J/)
5494 56 CONTINUE
5495 PRINT 49

PRINI UUI 1-UR -CENTLR LADED SCA-TERER VI
5498 MS=M4+-15501 Mb=M5+15 ;

15504 PRINT 20, (iM(f)l,IM5,M6-)
5515 MI=26*16+1
5b19 M2=ML +3
5522 PRINT 20, (FM(-i),I=MI,M2.

:544 RN JJ+8,TLLCCI)JJz
5533 00 26 L=LALb-5538 JI=L-LA)*54+42

5544. J2 =A+8554 1 PRINT 621 TL-L-)-(C II -)-I=JItJe_--

5561 -62 FORMkT (F 8.2 ,-X, 9F 9.5)
t564 26 C ON T-INUE
!:65 PRINT 49
5569 83 FORMAT(50HVI1I-I PRIMED ADMITTANCE PARAMETERS (MI-LLIMHOS)- FOR/oX4.H

ICCNTER LOAUEU SCATTERER, NORMAL INCIDENCE)
5590 84 FORMAT(50H L/(LAMtDA- RE DYL IM DY I1 RE Y12 IM Y12)
5t02 PRINT -83
5605 PRI N- 84
5608 DU 85 L=LALB
5613 JlI:( L-LA)*54+51
5619 J 2=J-t+3
5622 PRINT 50, TL(-L),(Cl(I )-,l=JJ-2z)
5635 85 CUNI NUE
5636 PRINT 49
5639 REWIND 5 I
5641 TYPE 29
5645 29 FORMAT127HDISMOUNT TAPE 2017 ANU SAVE)
5651 STOP

END
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DATA (Representative for L/2A =10)

- I

(2W 0

W-± (2U. uU

L12 -F -Q

U1UJ- iA V)(JV) 0 c

.- >~- -

<))~ < <~ LO

0 xI .4~. Z-(
I al :: - - - - o II < < * z

o u 0 )U 0-rC U (2 ui <

It It ' I t~ Li. 0< U.. C
Li- <i c < l .

0 C-i- V 0 L. 0
V V. ul-u Q: .* U-1 u ci a

C U)> - -4 (f, I> Z u7 L± 1

c U(Z O0 Q J=- ~ Q Q < Z -- I- V
o- 0- zC Ui- OU< ofZ yZ
k(7U U l i -- - -- U- (fL O 0 D

<<---UWLZ=O-(rwU) ZO - .

c Ic c Cc F- QU< CD u'< C D
+ 0D m'-< D .4 It LI > C-
LiL - '. ca- C' - -J( V) w
C U- - o- < C (5 Z LJJZ C

C- 1- r-z (L c < Z LJI Li - VC

c <(
C <tlu> -C 4y U'.U-U)- C D< Q. I-cV >fY

c, 7. -L. :10 3 iLL. U LL:

) <0- - M L % 0
C LL-Z-U C(' V, < WLI z-I

Qi ~ CL -U Wa. . > 0.~''(2:
0 m 72-' 0J L< WLIZ

+ -J a.'0aD'- y'
L - a. CL -y a .O Lv f----- C4UO- -- 7 Li- L
o L LI-UU. LL WLJODwU0 U() V Lo L. j - >( cc* F- z

C, I-I- 2 1-- --- +I- I.-.- - CC - - " I
CzZ 2'L ZzzZ -1- V <~ 7"VLUZ to < L-
C tr U W*U LL -L LL LL) =-" C - - Z Ly Z uLII 1
c Li. crt-U U U Ofl C. - u-0-_L ~CU C,-
cU LL Li. z - Y F- .4I - w~ z 0
C I- LL - LLLLt-IL LL-< .-- C <47 a-CI-( W <c

< U LL C U. L LL U- U- &-----.ZL--iJ t -J<Li-
L I-(2 L. '-I-< <.X----N -i- Wt- c

cU -C- L
ccCtCCCI -: I J <I 'IF Izt ti LIIt-V ,=a U

+ + < < <--0C F-7Z C -' - f(2
u l LULL LA L < LL U U. iU LU4HL L-J-- -< < < -q ZL' <t U- =i-.

C r. \-c u 1t(-k - Au <(,LPUI-<U'(. LL C a(c C IC <
CtC CC M N0.C v 0 &Q a Q -0. C C-(L CCC LL. a. I LU

C- C C'0' , =----------------Z := ) z i6 a >- =-: * - U
r-* r .CC 0 - %0 V V4 V, Vf Vf (P U' U-Vfl U' Z -- -J -JA <4 -41. U -. Q I- _j U' V; > I-

4 0 00 %C " CL4 t- LL C.
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